Full article available online at Healio.com/Orthopedics. Search: 20120725-25
O ssification of the posterior longitudinal ligament is a common cause of cervical myelopathy in Asian countries. Because no conservative treatments have been confirmed to be effective for ossification of the posterior longitudinal ligament, surgical treatment is usually required, and controversy remains regarding surgical options. Anterior decompression and direct removal of ossification of the posterior longitudinal ligament seems radical, but posterior laminoplasty or laminectomy with instrumented fusion is also used. [1] [2] [3] [4] [5] Generally speaking, no evidence exists to recommend suitable approaches and techniques for cervical ossification of the posterior longitudinal ligament.
Beginning in 2004, the authors performed anterior corpectomy and fusion, laminoplasty, or laminectomy and instrumented fusion for patients with ossification of the posterior longitudinal ligament according to their pathological extent and cervical alignment. Short-segment pathology was treated via the anterior approach and long-segment pathology via the posterior approach. When the posterior approach was selected, laminoplasty was performed for patients with cervical lordosis, and laminectomy and instrumented fusion for those with cervical kyphosis. The purposes of this retrospective study were to compare neurological improvement and complications between different approaches and techniques and to evaluate the indication for surgical options.
Materials and Methods

Patient Population
Between January 2004 and December 2007, a total of 218 patients with ossification of the posterior longitudinal ligament in the cervical spine underwent surgical treatment at the authors' institution. Patients who had spinal cord injuries due to cervical trauma preoperatively or combined with tandem ossification in another spinal region (thoracic ossification of the posterior longitudinal ligament and ossification of the ligamentum flavum) were excluded. Therefore, 164 consecutive patients with cervical ossification of the posterior longitudinal ligament were included in the study.
Selecting Surgical Approach and Technique
Pathological extent and cervical alignment were 2 important factors in selecting surgical approaches and techniques. Anterior corpectomy and fusion was performed on patients where pathological extent did not exceed 4 intervertebral levels (maximum 3 vertebral corpectomies). Pathological extent was defined as compressive extent of the spinal cord on magnetic resonance imaging (MRI), which included ossification of the posterior longitudinal ligament, degenerative disks, and proliferative osteophytes. For patients with long-segment pathology, laminoplasty was performed if the patients had cervical lordosis preoperatively, which was defined as a C2-C7 lordotic angle greater than 10° measured on lateral radiographs. Laminectomy and instrumented fusion was used for patients with cervical kyphosis. Anterior corpectomy and fusion was performed in 91 patients, laminoplasty in 41 patients, and laminectomy and instrumented fusion in 32 patients.
Clinical Assessment
The Japanese Orthopedic Association (JOA) scoring system was used to evaluate pre-and postoperative neurological status. An improvement rate (IR) of neurological function was calculated as IR5(postoperative JOA score2preopera-tive JOA score)/(172preoperative JOA score)3100%.
Statistical Analysis
Mann-Whitney U test and Pearson's chi-square test were performed with SPSS version 11.0 software (SPSS Inc, Chicago, Illinois). P,.05 was considered significant. Results were presented as mean6SD.
Case reports
Patient 1
A 47-year-old woman presented with bilateral hand clumsiness, spastic gait, and urinary-rectal sphincter dysfunction. Preoperative lateral radiographs revealed cervical kyphosis ( Figure 1A ). Computed tomography (CT) scan ( Figure 1B ) and MRI ( Figure 1C ) showed a multilevel mixed- 
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1F 1E 1D 1C 1B type ossification of the posterior longitudinal ligament at the C4-C7 levels, and the pathological extent involved 4 intervertebral levels. Anterior corpectomy and fusion was performed. Intraoperatively, ossification of the posterior longitudinal ligament was separated and removed from dural ossification, and dural ossification was left to avoid cerebrospinal fluid leakage. Postoperative radiographs demonstrated C4-C6 corpectomy and fusion ( Figure 1D ). Postoperative CT reconstruction demonstrated complete resection of ossification of the posterior longitudinal ligament and anterior floating dural ossification ( Figure 1E ). Postoperative MRI demonstrated sufficient decompression of the spinal cord ( Figure 1F ).
Patient 2
A 55-year-old man presented with bilateral hand clumsiness and walking disturbance. Preoperative radiographs demonstrated cervical kyphosis ( Figure 2A ). Computed tomography scan revealed a C2-C5 mixed-type ossification of the posterior longitudinal ligament ( Figure  2B ), but MRI demonstrated longer segment pathology from C2 to C7 ( Figure  2C ). Therefore, C3-C7 laminectomy and instrumented fusion was performed, and cervical alignment was restored by instrumented fixation intraoperatively. Postoperative radiographs showed improved cervical alignment ( Figure 2D ), and postoperative MRI demonstrated posterior shifting of the spinal cord and sufficient decompression ( Figure 2E ).
results
All patients were followed for at least 4 years (range, 4-6 years). Patients were assigned to 1 of 3 groups according to their surgical technique, and no significant differences existed in patients' mean age, sex, and occupying rate of ossification of the posterior longitudinal ligament among the 3 groups. The pathological extent of patients who underwent the posterior approach (laminoplasty or laminectomy and instrumented fusion) was significantly more than that of patients who underwent the anterior approach. With respect to the posterior approach, all patients who underwent laminoplasty had cervical lordosis and all patients who underwent laminectomy and instrumented fusion had cervical kyphosis preoperatively. As a result, patients undergoing laminectomy and instrumented fusion had more serious neurological deficits preoperatively, and postoperative JOA scores and improvement rates of neurological function were significantly lower than those in the other patients. No differences existed in clinical results between the anterior corpectomy and fusion group and the laminoplasty group (Table 1) .
To investigate the relationship between the clinical results and severity of ossification of the posterior longitudinal ligament, patients were divided into 2 subgroups based on the occupying rate, defined as the thickness of ossification of the posterior longitudinal ligament divided by the anteroposterior diameter of the bony spinal canal on axial CT scans: occupying rate,60%, mild ossification of the posterior longitudinal ligament; occupying rate>60%, severe ossification of the posterior longitudinal ligament. Among 88 patients with mild ossification of the posterior longitudinal ligament, 52 underwent anterior corpectomy and fusion, 31 underwent laminoplasty, and 5 underwent laminectomy and instrumented fusion. No differences existed in the clinical results (postoperative JOA score and improvement rates of neurological function) among the 3 groups (Table 2 ). However, among 76 patients with severe ossification of the posterior longitudinal ligament, 39 underwent anterior corpectomy and fusion, 10 underwent laminoplasty, and 27 underwent laminectomy and instrumented fusion. More patients had preoperative cervical kyphosis in the severe group than in the mild group; therefore, more patients underwent laminectomy and instrumented fusion for longer segment pathology via the posterior approach. The comparison of clinical results showed that postoperative JOA scores and 
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improvement rates of neurological function after anterior corpectomy and fusion were significantly better than those after laminoplasty and laminectomy and instrumented fusion, but no significant differences existed between the laminoplasty group and the laminectomy and instrumented fusion group (Table 3) .
Complications after anterior corpectomy and fusion included hoarseness or dysphagia in 11 patients and transient cerebrospinal fluid leakage in 5 patients. Hoarseness and dysphagia developed in patients who underwent 2 to 3 vertebral corpectomies, but all patients experienced symptom relief at 3 months postoperatively. Cerebrospinal fluid leakage developed after a dural tear intraoperatively because of the tight adhesion with dural ossification. Luckily, no significant dural defects occurred in the current study because dural ossification was preserved by careful dissection. If cerebrospinal fluid leakage occurred postoperatively, the patient was required to stay in bed, the drainage tube was removed, and continuous pressure was applied to the wound. Cerebrospinal fluid leakage usually stopped after 3 to 5 days of conservative treatment.
C5 palsy and axial pain were the 2 main complications after the posterior approach. C5 palsy usually developed 6 to 48 hours postoperatively, and the strength of related deltoid and biceps muscles decreased to grade 1 to 2 in the manual muscle test. The incidence of C5 palsy in patients undergoing laminectomy and instrumented fusion group was significantly higher than that in patients undergoing laminoplasty. Conservative treatment was used for these patients, including neurotrophy drugs, hyperbaric oxygen therapy, and functional exercises. Six months to 1 year was required before the strength of involved muscles recovered to grade 3 to 4 in the manual muscle test. Laminoplasty and laminectomy and instrumented fusion had a similar incidence of axial pain. Patients with postoperative axial pain took oral nonsteroidal anti-inflammatory drugs, and most felt relief after 6 months. No instances of neurological deterioration or instrument-related complications existed intra-or postoperatively (Table 4) .
disCussion
Since it was first reported in 1960, 6 ossification of the posterior longitudinal ligament has been recognized as a common cause of cervical myelopathy, and several surgical options have been established to address the neurological sequelae. Anterior corpectomy and fusion can provide an immediate decompression effect on the spinal cord, and extensive cervical laminectomy and laminoplasty are used to decompress the neural elements by shifting the spinal cord posteriorly when extensive involvement of the cervical spine exists. Although some restrospective studies compare the surgical outcomes of different surgical approaches and techniques, no unified indications exist for surgical options for ossification of the posterior longitudinal ligament in clinical practice. [1] [2] [3] [4] [5] In the current authors' experience, pathological extent and cervical alignment are the 2 most important factors determining surgical options for ossification of the posterior longitudinal ligament, and beginning in 2004, they selected and performed anterior corpectomy and fusion, laminoplasty, or laminectomy and instrumented fusion technique for ossification of the posterior longitudinal ligament according to the 2 aforementioned factors. Pathological extent is the compressive extent of the spinal cord on MRI. It was longer than the extent of ossification of the posterior longitudinal ligament in some patients, where ossification of the posterior longitudinal ligament was associated with cervical degenerative changes. Anterior corpectomy and fusion was the first choice because it was superior for direct decompression of the spinal cord and correction of the cervical alignment. 7, 8 However, it was too difficult and risky when more than 3 vertebrae needed to be removed. When posterior decompression was performed for long-segment pathology, laminectomy and instrumented fusion was performed in patients with cervical kyphosis because it was reported that laminoplasty had no decompression effect when the C2-C7 lordotic angle was less than 10°, and the spinal cord likely still bowstringed against anterior ossification of the posterior longitudinal ligament in this condition. 9 To the current authors' knowledge, 5 studies have focused on comparing the results of different approaches and techniques for ossification of the posterior longitudinal ligament. [1] [2] [3] [4] [5] Cervical corpectomy and fusion was performed via the anterior approach, and laminoplasty was per- formed via the posterior approach in most cases. Some studies reported that neurological recovery following anterior decompression was superior to that following posterior decompression. 1, 3, 5 In contrast, other studies reported no significant difference in surgical outcomes between anterior and posterior decompression ( Figure 3) . 2, 4 However, for patients with severe ossification of the posterior longitudinal ligament with occupying rate between 50% and 60%, all studies reported that clinical results after anterior corpectomy and fusion were significantly better than those after laminoplasty (Figure 4) . [1] [2] [3] [4] [5] The results of the current study were consistent with those of the aforementioned studies. No differences in clinical results existed among the 3 groups in patients with mild ossification of the posterior longitudinal ligament, and postoperative JOA scores and improvement rates of neurological function after anterior corpectomy and fusion were significantly better than those after laminoplasty and laminectomy and instrumented fusion in patients with severe ossification of the posterior longitudinal ligament. However, results after posterior decompression for severe ossification of the posterior longitudinal ligament appeared to be better than those reported in other studies. 1, 4 Surgical results may be improved by using laminectomy and instrumented fusion for posterior decompression in patients with preoperative cervical kyphosis, where restoration of the cervical alignment provided a more decompressive effect.
Similar complications occurred in the current and aforementioned studies: hoarseness, dysphagia, and cerebrospinal fluid leakage after the anterior approach and C5 palsy and axial pain after the posterior approach ( Figure 5 ). Considering that ossification of the posterior longitudinal ligament was removed in all anterior approach cases, the incidence of cerebrospinal fluid leakage was relatively lower in the current study, and all patients were cured with conservative treatment. 10 Most cerebrospinal fluid leakage developed as a result of associated dural ossification in patients with ossification of the posterior longitudinal ligament. Avoidance of serious cerebrospinal fluid leakage depended on preoperative identification of dural ossification and meticulous dissection intraoperatively. The double-layer sign on preoperative CT scans was a specific indicator for dural ossification and was important for anterior decompression and the removal of ossification of the posterior longitudinal ligament. Because a thin layer of nonossified ligament existed between the ossification of the posterior longitudinal ligament and the dural ossification, meticulous dissection of the ossification of the posterior longitudinal ligament from the dural ossification could be performed without removing the dural ossification at this layer. The residual dural ossification was preserved to avoid dural tears, and it could gradually float anteriorly, without eventually compressing the spinal cord. [11] [12] [13] C5 palsy is a notorious complication following the posterior approach, and the mean incidence is reported to be 8.3% (range, 3.2%-28.6%) in patients with ossification of the posterior longitudinal ligament. 14 In the current study, it was prevalent in patients with severe ossification of the posterior longitudinal ligament who underwent laminectomy and instrumented fusion for correction of cervical kyphosis. The massive ossification of the posterior longitudinal ligament increased the spinal cord shifting and tethering effect after posterior decompression, and increased cervical lordosis during laminectomy and instrumented fusion also likely increased the tethering effect of the nerve roots and contributed to the high incidence of C5 palsy. Therefore, while improving the cervical lordosis to achieve more decompression, a high incidence of nerve root palsy may result.
15
ConClusion
Based on the results of this study and a review of the literature, no significant differences in clinical results existed between different approaches and techniques for patients with mild ossification of the posterior longitudinal ligament, but anterior corpectomy and fusion was superior in the treatment of the patients with severe ossification of the posterior longitudinal ligament. With respect to the posterior approach, laminectomy and instrumented fusion improved the surgical results of severe ossification of the posterior longitudinal ligament with cervical kyphosis, but a high incidence of C5 palsy existed simultaneously.
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